wood, McPherson and Titmuss in 1957 was used for most of these studies. One series of experiments was also performed with a strain of HeLa cells maintainled for some time in this laboratory.
All the cells were cultured in a medium which contained the following ingredients:
Calf serum (deactivated at 60°C. for 30 min. . absolute ethanol * These substances were added in a volume of 0.1 ml. of solution per 10 ml. of medium, with the exception of carbon tetrachloride which was added as a saturated solution in Earle's saline in volumes of 0-2, 0 3, and 0 4 ml. respectively. t Concentration measured in l./ml.
In the case of three long term experiments (5-15 weeks), the cultures were re-fed weekly with medium containing a fresh inoculation of monocrotaline for experiments H63/4 and H63/5 and ethionine for H63/9. Subcultures were made when overgrowth demanded, using the same trypsinizing procedure as before and the controls were always subcultured at the same time.
Changes in the appearance of the cells are well known in long-established tissue cultures and, in order to minimize errors in interpretation arising from such alterations, each set of experimental cultures was paired with a set of contemporary controls.
EFFECTS OF MONOCROTALINE ON LIVER TISSUE
The coverslips with the adhering cells were removed from two test and two control cultures each day from the third to the seventh day of culture. Experiment H63/1 with monocrotaline was sampled on the first, second and third day and experiments H63/4 5 and 9, weekly (Table I) . Ether/alcohol fixed cells were stained with haematoxylin and eosin or periodic acid-Schiff, and formalin fixed material stained for fat with Sudan IV.
To obtain some indication of the possible specificity of the effects of the agents used on liver cells grown for a long time in vitro, cultures of HeLa cells were treated for comparison, in the same manner as the liver cultures of series H63/3 (Table I ) and incubated with 250 /ug./ml. of monocrotaline.
Mitotic counts
Normal and abnormal mitoses were counted for each day in cultures of series H63/2 and 3. In each case 1000 cells were observed and the number of mitotic figures recorded.
Nuclear rmeasurements
The nuclei of haematoxylin and eosin stained cells of series H63/1 and 2, receiving concentrations of 50 and 125 ag./ml. of monocrotaline were measured.
The slide was projected on to paper at a fixed magnification and a total of 250 randomly selected nuclei from at least 10 different fields was outlined. The average of the greatest and smallest diameters measured at right angles was calculated for each nucleus. It was not possible to do this for nuclei of cells of cultures receiving higher doses of monocrotaline because of their irregular shape and the occurrence of the bizarre forms to be described later in this paper.
RESULTS AND OBSERVATIONS

MIonocrotaline treated cultures
For the first three days of culture and with concenitrations of up to 25 ug./ml. of monocrotaline, no visible differences could be detected between experimental and control cultures. At higher concentrations changes which increased in degree with dose and length of exposure could be observed.
These changes were first manifested as a slight but significant increase in nuclear size (P 0-02) in the three day cultures receiving 50 ,ug./ml. of mono-
crotaline. This can be demonstrated in the shift to right of average diameters in Fig. 1 when compared with controls. Although cytoplasmic area was not estimated, the cytoplasmic-nuclear ratio did not appear to have altered, suggesting a similar hypertrophy of this part of the cell. Nuclear enlargement was even more pronounced with concentrations of 125 ,ug./ml. of the alkaloid (P < 0.01) (Fig. 1) .
By the third day of culture and with monocrotaline in doses higher than 125 rIg./ml., changes became more marked. The general growth pattern of evenly arranged squamous cells became iincreasingly disrupted aniid irregular and there appeared to be less cohesion between individual cells. Instead of the normally regular cell sheet (Fig. 4, 7) , at three days the test cultures consisted of scattered groups and isolated cells with many pyknotic and dying individuals and much cell debris (Fig. 5, 6, 8, 9 ). There were also morphological changes from the usually hexagonal shape of the cells of the controls (Fig. 4, 7, 10, 20) to a number 639 of mixed and varied forms. These included some spindle-shaped cells, often with eccentric nuclei (Fig. 5, 6, 8, 9, 19) , and others with very long attenuated cytoplasmic processes which in some cases appeared to bridge two cells (Fig. 16 (a) giant cells with numerous nuclei which varied considerably in size, shape and number (Fig. 5, 8, 9, 13, 17, 18, 21) , and (b) enlarged cells with a single huge nucleus (Fig. 5, 6, 8, 9, 25) . Giant cells of type (a) were especially numerous ( Fig.  2 ), but both types of cell were very striking when compared with the cells of controls with their ovoid and rather regular nuclei and small well defined nucleoli (cf. figures of control and experimental cultures).
Irregular, fused and misshapen nucleoli (Fig. 13, 14, 18, 25) The picture presented by the test cultures was more erratic. The number of mitoses did not diminish as expected. On further examination (Fig. 3 ) a large number of divisions-in some cases nearly 50 per cent of the total appeared abnormal in some way, with atypical spindles which were often multipolar or deformed. Heteroploidy was common and sticky or clumnped chromosomes often seen (Fig. 14, 15, 22, 23, 24) . Abnormal mitoses were rarely found in controls (Fig. 3) of a mitotic spindle ( Fig. 13 ) and no mitosis was ever observed in a giant cell although several of these had constrictions of the cytoplasm (Fig. 13 ), cytoplasmic bridging ( Fig. 16 ) and nuclear indentations (Fig. 18 ).
Long term experiments with monocrotaline
The experiments were performed to investigate the action of repeated high and low doses of monocrotaline. Cultures of H63/4 receiving 1 #,g./ml. per week
were not visibly different from controls after 15 weeks. At this time the cultures were accidentally lost. In the second experiment H63/5 with the high dose of monocrotaline of 500 ,ug./ml. per week, the bizarre changes rapidly appeared, (Harris, Anderson and Chen, 1942) and in the livers of domestic animals and man after ingestion of plants containing these substances (Bull, 1955; Hill and Martin, 1958) . It is interesting therefore, that the first change to be noted in these cultures was a slight increase in cell and nuclear size which became more marked with prolonged exposure to the drug.
Two types of enlarged cell were found in the test cultures in these experiments, the most prevalent being the giant cell containing numerous nuclei. Cells of this type have not been described in vivo either after experimental administration of pyrrolizidine alkaloids or in the naturally occurring disease. Multinucleate cells, however, have been observed in many established cultures of both malignant and non-malignant origin after long periods in vitro. Jordan (1956) described cells which possessed many nuclei in cultures from normal human nasal mucosa and Lelli, Balducci, Gori and Bondi (1957) noted them in strains of normal human liver, KB and HeLa cultures. Berman, Stulberg and Ruddle (1957) also mention multinucleate cells in cultures from many sources, both cancerous and normal. All these authors record multinucleate cells in fairly small numbers which agrees with present observations on controls where the incidence was about 0-0.2 per cent. Such cells in controls did not show the degree of variability in number of nuclei and the increase in cell size apparent in test cultures. It is possible therefore to regard enlarged cells with both one and several nuclei as having undergone some hyperplastic change which has been induced by monocrotaline.
Monocrotaline (and also retrorsine) in this instance, probably did not act solely on existing multinuclear cells. It does not seem possible to explain the striking increase in number unless monocrotaline has an effect on cell division at least in vitro. The increased prevalence of aberrant and multipolar mitoses in experimental cultures is an indication of some interference with this process.
Pomerat, Kent and Logie (1957) Hirchinsoll and Hill. 3. The first effect of monocrotaline on liver cells, noted at three days, with doses of 50 and 125 ,ug./ml., was a significant increase in nuclear size. With higher doses of the drug, cells became less cohesive and increasing numbers of bizarre cells appeared. The latter included two types of megalocyte: (a) mononucleated and (b) multinucleated cells. The multinucleated cells contained vaiying numbers of unequal nuclei and comprised about 3-13 per cent of the total population compared with only 0-0-2 per cent in controls.
4. Abnormal mitoses were much more frequent in test cultures.
5. There was some evidence to show that amitotic divisions occurred in monocrotaline treated cultures.
6. Features similar to those seen in neoplastic cells were also seen to increase in cultures receiving monocrotaline.
7. Of the other drugs used, only retrorsine, 2: 4 dinitrophenol and dimethylaminoazobenzene produced changes similar to those described for monocrotaline.
8. HeLa cells remained unaffected by monocrotaline. 9. The findings suggest that monocrotaline induces in vitro, amitotic division and possibly neoplastic changes in embryonic liver cells.
